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Method and equipment for producSpg calendered paper 



Introduction 

Water spray technology has been used in paper making lines producing uncoated 
mechanical paper grades which use on-line calendar for finishing treatment. This technology 
is mainly for moisture profiling and correction of moisture profiles. Typically water Is sprayed 
on one side of the paper between paper machine press section and on-machine calender 
Another possibility is to spray water on both sides of paper. In this application the water 
spraying systems are located typically nearer the on-machine calender than the press section 
of paper machine. The purpose of such two sided water spraying is both to make corrections 
to moisture profile and also to enhance paper celendering. The enhanced paper calendering 
is possible because of moisture gradients in paper thickness. This type of on-machine 
technology is described for example in patents US 6,569,288 and US 6,401,355. 

Invention: 

This invention focuses on off-machine calendering and using moisture gradient technology to 
enhance off-machine calendering. By enhancing calendering with moisture gradient 
technology together with multinip calender the total number of off-machine calendering 
systems required after paper machine can be reduced. Nowadays in a paper mill having a 
paper machine running at a speed of 1800 m/minutes, it is necessary to have 3-4 
calendering machines to treat the paper. When using the idea of the invention in calendering, 
the number of calender machines is reduced to 2-3This lead to savings in investment cost of 
paper mill. 

The moisture gradient technology in conjunction with off-machine multinip calendering is not 
known nor does not exist. 

There are several paper technological differences between on-machine moisture gradient 
systems; and the off-machine moisture gradient systems according to the invention. 

In invented off-machine gradient calendering system the moisture of the base paper 
. produced in paper machine can be optimized with separate moisturizer in the paper machine. 
This optimization leads to wider spectrum of paper moisture levels, between 1 % to 10 % 
advantageously between 4 % and 7 %, of the paper entering the invented off-machine 
moisture gradient calendering system. This means, that the paper can be moisturized in the 
paper machine to produce a machine roll with a appropriate moisture level, to enhance the 
handling of the paper in finishing unit, such as a calendar. In existing off-machine 
calendering technology, in paper machine the paper is moisturized to moisture levels 
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between 8 % and 11 %• And in existing on-machine calendering systems, the paper is 
moisturized in paper machine with two sided rewetting to moisture level of 1-5 %. 

Secondly the paper temperature entering the two-sided moisturizer in on-machine moisture 
gradient calendering is typically high, between 45 and 80 C. In off-machine moisture gradient 
calendering system according to the invention, paper has cooled down and typically 
temperature levels of paper at premoisturiziton units are between 20 and 40 C. The cooler 
paper web absorbs paper moisture differently. The high temperatures in the hot end of 
existing on-machine calendering systems can lead to unwanted evaporation of moisturized 
water from the surface of the paper. 

In off-machine moisture gradient system according to the invention, paper reels are reeled in 
more optimum moisture content in the paper machine than in conventional off-machine 
calendering. With moisture gradient off-machine calendering the reeling moisture of paper in 
paper machine is typically between 4 % and 7 %, where as in conventional off machine 
calendering system the reeling moisture is between 8 % and 11 %. Handling of paper reels at 
moisture level of 4 % to 7 % is much easier, since they are in the equilibrium with the 
surrounding air. This leads to minimal dimensional changes of paper while being transported 
or stored between paper machine and off-machine moisture gradient calendering system. 
Also paper reeling at at PM reeler as well as off-machine unwind is easier with the moisture 
levels in paper as described with the invention (4 % to 7%). 



The invention consists of minimum one water spray moisturizer located in off-machine 
multinip calender. Typically two water spray moisturizers are used, one on each paper side. 
These two moisturizers can locate between unwind stand and calender first nip. In this 
position they are called pre water moisturizers. 

Pre water moisturizers can be placed against the paper web symmetrically, that is, 
essentially in the position of the paper web, so that the moisturizer sprays are situated on the 
same position of the web on both sides of the web. The two pre water moisturizers can also 
be situated against the web asymmetrically. In this case the two moisturizers moistening the 
different sides of the web are situated in different positions in such a way, that the absorbing 
time of the spayed water is significantly the same for both sides of the web. Absorbing time in 
this context means the time that it takes the web to move from the centerline of the 
moisturizer unit to the first calendaring nip affecting the same moisturized side of the web. By 
using asymmetrically placed moisturizers it is possible to balance the absorption time for the 
both sides of the paper web that is, to get the same absorption time for both sides of the web. 

According to the invention it is also possible to place one or several moisturizers inside 
calendar stack or calendar system. In this position (between the first nip of calender and last 
nip of calender in one stack or two stack solution) the water sprays are called intermediate 
water sprays. There can be only one intermediate water spray on one side of the web or 
there can be two water sprays located on the same position of the web on both sides of the 
web. 
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The invention covers systems where one or several water sprays are located only on the pre 
water moisturizing position as well as systems where water sprays are located on both pre 
water spray position as well as in intermediate water spray position. 

The invention can be practised both in calendars having all the calendar rolls in one stack or 
in a calendar, where the calendar rolls are arranged in two stacks. 

The spraying liquid used in moisturizing can be only water or water-chemical solution or 
mixture of these. The water-chemical solution or mixture can be generate a solution that 
enhances the effects of moisture gradient technology and improves paper properties, such as 
low paper blackening, low loss of paper brightness, low loss of paper opacity, low 
contamination of calender rolls, high surface strength of paper, high dimensional stability of 
paper or high moldability of paper web. 

The invention of utilizing water spray moisturizers is not limited to any mechanical 
configuration of the calender stack (vertical stack, horizontal stack or stack arranged in 
specific angle or geometry between vertical and horizontal are all possible). 

The heated thermo rolls in a calendar stack can be made of any known material, but cast 
steel or forged steel is preferred due to their ability to endure high thermal loads caused by 
water sprays to the hot rolls. 

The temperature of thermo rolls in the calendaring stack can vary, but in thermo rolls which 
are processing the side of the web that has been moisturized, the surface temperature 
should be at least 120 C white the calendar is running. 

The water spray technology, that is moisturizing technology can be any known water spray 
technology, but systems with less than 100 um average drop size is preferred, in order to 
ensure a drop mark free end product. The water sprays expand over the width of the web to 
ensure a stable moisturizing of the whole web width. The water sprays can be used also to 
moisture only a part of the web's width, that is, for profiling purposes. 

The pre water moisturizers can be placed either against a roll or another surface, eg. a plate 
or they can be placed in a suitable open draw against the web, without any backing surface. 
The position, where the moisturizers are to be placed between unwinding and calendar 
depends of the desired absorption time of the water. Essential is, that the absorption time 
does not exceed 1 ,5 seconds. 

The absorption time for water in the invention is less than 1 ,5 sec, typically less than 1 ,0 sec. 

The water sprays can be used to profile paper moisture or some other paper property. To 
control the water sprays and calender a good control algorithm is needed. In feedback 
control of the system it is preferred to utilize multivariable controller(s) and/or model 
predictive controller(s). 
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In feedback control the calenderig systems has to be equipped with minimum one paper 
property scanner. Typically two such scanners are required. 

When using two scanners in controlling the system, the first one (in the running direction of 
the web) is typically placed after the pre water moisturizing unit. The scanner typically 
measures the moisture of the web and the measuring signal is used to control the pre 
moisturizing unit moisturizing unit. That is, the amount of water sprayed on the web The 
second scanner in the system is typically placed after the calendar and it measures the at 
least the gloss and caliper of the web. Also other parameters of the web can be measured. 
The measuring results are used to control the calendar. 

In certain applications, it is preferable to use a third scanner in the system. For example in 
two stack calendars the third scanner can be placed between the two calendar stacks. This 
scanner measures the moisture of the web, and its measurements are used to control the 
intermediate moisturizer. 

Some typical lay-outs and configurations are shown in the layouts 1 to 14. 

These lay-outs can be divided to four different groups according to paper technical 
performance: 

Group 1 - Lay-outs with approximately symmetrical pre water moisturizers only 
in calender system (lay : outs 3, 6, 7, 8, 1 0 and 11) 

Group 1b - Lay-outs with non symmetrical pre water moisturizers only in 
calender system and (lay-out 9) 

Group 2 - Lay-outs with one pre moisturizer and one intermediate moisturizer 
(lay-outs 1 , 4, 5, 12, 13 and 14) 

Group 2b - Lay-outs with two pre moisturizer and one intermediate moisturizer 
(lay-out 2) 

Nip number of calender is depend of the paper grade and speed of the calender. Typical nip 
numbers for different paper grades are presented in table 1 



Paper grade 


Number of nips 


SC-A / SC-A+ 


9 to 11 or 4 + 4/ 5 + 5 


SC-B 


7 to 11 or 2 + 4/ 4 + 4 


SC-C/ 

improved news 


5 to 7 or 2 + 2/ 2 + 4 
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Benefits of invention 



Using moisture gradients in off-machine capered gives in general following benefits 
compared to known off-line multinip or supercalendering technology. In both of these 
technologies the calendering result is essentially the same. 

Table 2. General benefit of the invention 
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The different lay-outs and positioning of the water spray units in premoisturizing as well as in 
intermediate positions gives following typical benefits to paper properties in the case paper is 
so called SC-A or SC-B paper. 

More specific paper quality benefits, according to lay-out groups specified above, are 
presented in table 3. As reference is used the known off-line multinip or supercalendering 
technology. 

Table 3. Detailed benefits of the invention for SC~A and SC-B papers 





Reference 


Group 1 


Group 1b 


Group 2 


Group 2b 


Roughness 


1.0 - 


1.1 


1.1-1.15 


1.0-1.1 


1.0-1.1 


1.0-1.1 


Gloss 


48 - 


50 


50-53 


53-56 


54-57 


56-60 


Blackening 


48 - 


58 


46-54 


46-55 


46-54 


44-52 


Oil absorption 


4.5 


-6 


4-6 


3.5-5 


3.5-5 


3-4.5 


Porosity 


I 15 - 


25 


14-24 


10-20 


10-20 


7-16 


Brightness 


68 


68 


68 


68 


68 


Opacity 


j 91 


91 


91 


91 


91 
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YLEISET PTOTEET 

1. KaJanterointimenctclma puupitoisen pflaliystamattoman paperin kalantertoimiseksi, jossa on 
vahintaan yksi vesikostutin ja off-line yksi- tai kaksitclastoinen monitelakalanteri, jossa on vahintaan 3 
paperia kalanteroivaa nippia. 

2. Kalanterointimenetclma puupitoisen paaUyst&mattoTnan paperin kalantertoimiseksi, jossa on 
vahintaan kaksi vesikostutinta ja off-line yksi tai kaksitelastoinen monitelakalanteri, jossa on vahintlian 
3 paperia kalanteroivaa nippia. 

3. Kalanterointimenctelma puupitoisen paaUystamatto.man paperin kalautejrtoiiniseksi, jossa on 
vahintaan kaksi vesikostutinta ja off-line yksi- tai kaksitelastoinen monitelakalanteri, jossa on 
valiintaan 3 paperia kalanteroivaa nippia ja jonka vesikostutksen jalkeen tulevan vahintaan yhden nipin 
telamateriaali on tako- tai vaiuterastii 

4. Kalantcrointimenetelma puupitoisen pSallystamattOmSln papcrin kaiantertoimiscksi, jossa on 
vahintaan kaksi vesikostutinta ja off-line yksi- tai kaksitelastoinen monitclakalanteri, jossa on 
vahintaan 3 paperia kalanteroivaa nippia ja jonka kalanteroinnin aikainen pintalainpo kostutusta 
seuraavassa l&aomitettavassa telassa on yli 125 C. 

5. KalantcrointimenetelmS puupitoisen pfcallystaniattoman paperin kalantertoimiseksi, jossa on 
niinsanottu valivesikostutin ja off-line yksi- tai kaksitelastoinen monitelakalanteri, jossa on vahintaan 3 
paperia kalanteroivaa nippia. 

6. Kaianterointimenetelma puupitoisen paaJIystamattoman paperin kalantertoimiseksi, jossa on 
niinsanottu valivesikostutin ja off-line yksi- tai kaksitelastoinen monitelakalanteri, jossa on vahintaan 
3 paperia kalanteroivaa nippia ja jonka telamateriaali on tako tai valutcrasta 

7. Kalantcrointimenetelma puupitoisen ptfaliystamattorcuin paperin kalantertoimiseksi, jossa on 
niinsanottu valivesikostutin ja off-line yksi- tai kaksitelastoinen monitelakalanteri, jossa on vahintaan 
3 paperia kalanteroivaa nippia ja jonka kalanteroinnin aikainen pintalSmp5 vesikostutusta seuraavassa 
lammitettavassa telassa on yli 125 C 



PAPERED KOSTEUS ENNEN KALANTEROINITIA 

8- Kalanterointimenetelma puupitoisen pa^llystaana^toman paperin kalantertoi mi seksi, jossa on paperin 
painosta laskettu kosteuspitoisuus on ennen kalanterointiprosessia 1...10 % 

9. Kalanterointlmeneteima puupitoisen paHUystamatttfman paperin kalantertoimiseksi, jossa on paperin 
painosta laskettu kosteuspitoisuus on ennen kalanterointiprosessia 1...8 % 

11, KaJanterointimenetelma puupitoisen paaliystamattoraan paperin kalantertoimiseksi, jossa on 
paperin painosta laskcttu kosteuspitoisuus on ennen kalanterointiprosessia 1...6 % 

12. Kalanterointimenetelma puupitoisen paSHlystamattoman paperin kalantertoimiseksi, jossa on 
paperin painosta laskettu kosteuspitoisuus on ennen kalanterointiprosessia 1.. .4 % 



KOSTUTUKSEN PAIKKA JA 1MEYTYMISA1KA 

13. Kalanterotntimenetclma puupitoisen paallystamattoman paperin kalantertoimiseksi, jossa 
vesikostiiUimct on sijoitettu symmetrisesti radan njolemmille puolille ennen off-line yksi- tai 
kaksitelastoinen monitelakalanteria. 

14. Kalanterointimenetclma puupitoisen paallystamattoman paperin kalantertoimiseksi, jossa 
vesikostuttimet on sijoitettu symmetrisesti radan moJeinmille puolille ennen off-line yksi- tai 
kaksitelastoinen monitelakalanteria, niin etta imeytymisaika vesikostuttiminen keskilinjasta 
ensimmaisen paperia prosessoivan nipin keskilinjaan on alle 1,0 s 



15. Kalanterointimenetelma puupitoisen paallystamatloman paperin kalantertoimiseksi, jossa 
vcsikostuttimet on sijoitettu symmetrisesti radan molemmille puolille ennen off-line yksi- tai 
kaksitelastoinen monitelakalanteria, niin etta imeytymisaika vcsikostuttiminen keskilinjasta 
ensimmaisen paperia prosessoivan nipin keskilinjaan on alle 0,7 s 

16. Kalanterointimcnetelmfi puupitoisen paallystamattoman paperin kalantertoimiseksi, jossa 
vesikostuttimet on sijoitettu symmetrisesti radan molemmille puolille ennen off-line yksi- tai 
kaksitelastoinen moiutelakalanteria, niin etta imeytymisaika vesikosmttuxiinen keskilinjasta 
ensimmaisen paperia prosessoivan nipin keskilinjaan on alje 0,5 s 

17. Kalanterointiinenetelma puupitoisen paaUystamattoman paperin kalantertoimiseksi, jossa 
vesikostuttimet ou sijoitettu symmetrisesti radan molemmille puolille emien off-line yksi- tai 
kaksitelastoincn monitelakalanteria, niin etta imeytymisaika vcsikostuttiirrinenkeskUinjasta 
ensimmaisen paperia prosessoivan nipin keskilinjaan on alle 0,3 s 

18. Kalanterointimcnetelraa puupitoisen paallystamattoman paperin kalantertoimiseksi, jossa 
vesikostuttimet on sijoitettu epasymmetrisesti ymmelrisesti radan molemmille puolille ennen off-line 
yksi- tai kaksitelastoinen monitelakalanteria. 

19- Kalanterointimcnetelma puupitoisen paallystamattoman paperin kalantertoimiseksi, jossa kaksi 
vesikostutinta on sijoitettu epasyrnmeuisesti radan molemmille puolille ennen off-line yksi- tai 
kaksitelastoinen monitelakalanteria, niin etta imeytymisaika ensimmaisesta vesikostuttiiniesta 
enSimrnaiseen kostutettua paperlnpuolta kasittelevaan nippiin on alj.e 1,0 s ja vastaavasti toisesta 
kostuttimesta toista kostutettuua paperinpuolta kfisittelevaan nippiin on alle 1 ,0 s 

20. Kalantcrointimenetelma puupitoisen paallystamattoman paperin kalantertoimiseksi, jossa kaksi 
vesikostutinta on sijoitettu epasymmetrisesti radan molemmille puolille ennen off-line yksi- tai 
kaksitelastoinen monitelakalanteria, niin etta imeytymisaika ensimmaisesta vesikostuttimiesta 
ensimmaiseen kostutettua paperinpuolta kiisittelevaan nippiin on alle 0,7 s ja vastaavasti toisesta 
vesikostuttimesta toista kostutettuua paperinpuolta kasittelevSan nippiin on alle 0,7 s 

21- Kalanterointimenetelma puupitoisen paallystamattoman paperin kalantertoimiseksi, jossa kaksi 
vesikostutinta on sijoitettu epasymmetrisesti radan molemmille puolille ennen off-line yksi- tai 
kaksitelastoinen monitelakalanteria, niin etta imeytymisaika ensimmaisesta vesikostuttiniiesta 
ensimmaiseen kostutettua paperinpuolta kasittelevaan nippiin on alle 0,5 s ja vastaavasti toisesta 
vesikostuttimesta toista kostutettuua paperinpuolta kiisittelevaan nippiin on alle 0,5 s 

22. Kalanterointimenetelma puupitoisen paallystamattoman paperin kalantertoimiseksi, jossa 
vesikostutin kostutinta on sijoitettu epasymmetrisesti radan molemmille puolille ennen off-line yksi- 
tai kaksitelastoinen monitelakalanteria, niin etta imeytymisaika ensimmaisesta kostuttimiesta 

23. Kalanteroiniimeneteljna puupitoisen paallystamattoman paperin kalantertoimiseksi, jossa paperin 
kosteutta nostetaan kalanterointiprosessin ensimmaisen ja viimeisen nipin valilla niinsanottul.la 

vali vesikostuttimella, joka on edeullcsesti sijoitettuna valmdmasti niinsanotun kaantonipin jalkcen tai 
ensimmaisen telastokonaisuuden jaikeen. 

24. Kalanterointimenetelma puupitoisen paallystamattoman paperin kalantertoimiseksi, jossa 
nlinsanotulla viilikostuttimella nostetaan paperin kosteutta kalanteroitiprosessin aikana vahintaan 1 
kostcus- % paperin painosta laskettuna. 
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25- Kalanterointimenetelma puupitoisen paallystamattoman paperin kalantertoimiseksi, jossa on 
vahintaan yksi vesikostutin ja off-line yksi- tai kaksitelastoinen monitclakalanteri, jossa on vahintaan 3 
paperia kalanteroivaa nippia ja jossa kostutusveden taj vesi-kemikaaliseoksen mukana kaytetafin 
erilaisia paperin lujuutta lisaavia, mittapysyvyytta lisaavia, vaaleutta lisaavia, opasiteettia lisaavia, 
kalanteroituvuurta parantavia tai muita kemikaaleja. 
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26. Kalantenointimenetelma puupitoisen paaUyshimauoman paperin kalanteitoimiseksi, jossa on 
vahiniMn yksi vesikostutin ja off-line yksi- tai kaksitelastoinen monitelakalanteri, jossa on vahintaan 3 
paperia kalanteroivaa nippia ja jota ohtataan monimuutntja (mulrjvaciabie controller) saatiniella. 

27. Kalanterointimenetelma puupitoisen paallystamattomau paperin kalantertoirniseksi, jossa on 
vahintaan yksi vesikostutin j a off-line yksi- tai kaksitelastoinen monitelakalanteri, jossa on vahintaiin 3 
paperia kalanteroivaa nippia ja jota ohtataan mauiprediktiiviseila (model predictive controller) 
S&atimclla. 

28. Kalanterointimenetelma puupitoisen paailystamauoman paperin kalantertouniseksi, jossa on 
vahintaiin yksi vesikostutin j a off-line yksi- tai kaksitelastoinen monitelakalanterU jossa on vahintaan 3 
paperia kalanteroivaa nippi a ja jossa paperin kultoa, ja/tai kosteutta ja/tai paksuutta ohtataan 
monimuuttuja (multivariable controller) saatimclla. 

29. Kalanterointimenetelma puupitoisen paallystamatt6man paperin kalantertoimiscksi, jossa on 
vahintaan yksi vesikostutin ja off-line yksi- tai kaksitelastoinen monitelakalanteri, jossa on vanintaan 3 
paperia kalanteroivaa nippia ja jossa paperin kultoa, ja/tai kostentta ja/tai paksuutta ohtataan 
malliprediktiivisella (model predictive controller) saatimella. 

30. Kalanterointimenetelma puupitoisen piiallystamatt^mSn paperin kalantertoimiseksi, jossa on 
vahintaan yksi vesikostutin ja off-line yksi- tai kaksitelastoinen monitelakalanteri, jossa on vahintaiin 3 
paperia kalanteroivaa nippia ja jossa kostuttiniia ja muita laitteita ohjataan takaisinkytketysti vahintaan 
yhden mittaraamin avulla 

30. Kalanterointimenetelma puupitoisen paanystamattoman paperin kalautcrtoimiseksi, jossa on 
vahintaan yksi vesikostutin ja off-line yksi- tai kaksitelastoinen nx>iiiteiakalanteri 4 jossa on vahintaan 3 
paperia kalanteroivaa nippi a ja jossa kostuttimia ja muita laitteita ohjataan takaisinkytketysti vahintaan 
kahden mittaraamin avulla 



3 1 . Kalanterointimenetelma puupitoisen paallystamattoman paperin kalantertoimiseksi, jossa on 
vahintaan yksi vesikostutin ja off-line yksi- tai kaksitelastoinen monitelakalanteri, jossa on vahintaan 3 
paperia kalanteroivaa nippia ja jossa kostuttimia ja muita laitteita ohjataan takaisinkytketysti vahintaan 
kolmcn mittaraamin avulla. 
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